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RATIONALE FOR USING THE SATURN MONITOR AND ABORT CREW CHARTS 

FOR AF'OLLO 11 (MISSION G )  

By Contingency Analysis  Sec t ion  

1 . 0  SUMMARY 

The purpose of t h i s  document i s  t o  exp la in  t h e  crew c h a r t s  t h a t  t h e  
F l i g h t  Analysis  Branch has  prepared for Apollo 11 (Mission G ) .  
o p e r a t i o n a l  abor t  p l an  for Apollo 11 (Mission G )  ( r e f .  1) inc ludes  a 
complete d e s c r i p t i o n  of abor t  modes, phi losophy,  and c o n s t r a i n t s  used 
i n  t h e  g e r e r a t i o n  of t h e s e  crew c h a r t s .  

The 

The fol lowing s e c t i o n s  include copies  of  t h e  app l i cab le  crew c h a r t s  
as we l l  as a d i scuss ion  of t h e  s i t u a t i o n s  t h a t  r e q u i r e  t h e i r  use.  
F i n a l l y ,  t h e  procedure for  using each of t h e  c h a r t s  i s  included.  

2 .0  INTRODUCTION 

The crew c h a r t s  contained i n  t h i s  document w e r e  prepared by t h e  
F l i g h t  Analysis  Branch f o r  t h e  G mission launched J u l y  16 ,  1969. Changes 
r e q u i r e d  t o  update  t h e  crew cha r t s  because of v a r i a t i o n s  i n  launch d a t e  
are d iscussed  i n  each s e c t i o n  where app l i cab le .  The crew c h a r t s  included 
are l i s t e d  below along wi th  t h e  respons ib le  F l i g h t  Analysis  Branch 
personnel .  

( a )  Launch a b o r t ,  s e c t i o n  4.0: E. M. Henderson 

( b )  T L I  monitor ing,  sec t ion  5 .1 :  C .  T.  Hyle 

( c )  T L I  a b o r t ,  s e c t i o n  5.2:  C .  J .  Laetz  

( d )  LO1 a b o r t ,  s e c t i o n  6.0: C .  E.  Foggat t  
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3.0 ABBREVIATIONS 

CM 

CMC 

COAS 

C O I  

C SM 

D P S  

DSKY 

DVM 

EMS 

E P O  

ES S 

FDA1 

g 

g . e . t .  

h 

I GA 

IMJ 

IU 

LO1 

LOI-1  

LOI-2 

MC C 

command module 

command module computer 

crew o p t i c a l  alinement s i g h t  

contingency o r b i t  i n s e r t i o n  

command and s e r v i c e  modules 

descent  propuls ion  system 

d i sp lay  keyboard 

AV magnitude 

e n t r y  monitor ing system 

e a r t h  parking o r b i t  

e a r l y  S-IVB s t ag ing  

f l i g h t  d i r e c t o r  a t t i t u d e  i n d i c a t o r  

e n t r y  load  

ground e lapsed  t i m e  

a l t i t u d e  

inner  gimbal angle  

i n e r t a l  measurement u n i t  

instrument  u n i t  

l una r  o r b i t  i n s e r t i o n  

f i r s t  LO1 burn i n t o  a 60- by 170-n. m i .  a l t i t u d e  o r b i t  

l u n a r  o r b i t  c i r c u l a r i z a t i o n  burn i n t o  a 60-11. m i .  
a l t i t u d e  o r b i t  

midcourse c o r r e c t i o n  
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MGA 

MSFN 

OGA 

R C S  

REFSMMAT 

middle gimbal angle  

Manned Space F l i g h t  Network 

ou te r  gimbal angle  

r e a c t i o n  con t ro l  system 

transformation ma t r ix  from i n e r t i a l  t o  s t a b l e  
member (IN) 

sc spacec ra f t  

s - I C  launch vehic le  f i r s t  s t a g e  

scs s t a b i l i z a t i o n  and c o n t r o l  subsystem 

s-I1 launch vehic le  second s t a g e  

S-IVB launch vehic le  t h i r d  s t a g e  

S P L E R R O R  ( A R )  d i f f e rence  between t h e  onboard p red ic t ed  landing 
poin t  and the  mode I11 t a r g e t  po in t  

SPS s e r v i c e  propulsion subsystem 

TAR t i m e  from abort  t o  r e e n t r y  

T H C  

TLC 

T L I  

tB 

t f f  

t I G  

'i 

AR. 

AV 

t r a n s l a t i o n a l  hand c o n t r o l l e r  

t r a n s l u n a r  coast  

t r a n s l u n a r  i n j e c t i o n  

burn t ime 

time of f r e e  f a l l  

t i m e  of i g n i t i o n  

i n e r t  i a1 ve loc i ty  

S P L E R R O R  

t o t a l  sensed v e l o c i t y  change 
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Subsc r ip t s :  

P per igee  

I G  i g n i t i o n  

i i n e r t i a l  

b body ax i s  system 

4.0 LAUNCH PHASE CHARTS 

To f a c i l i t a t e  t r a j e c t o r y  monitoring dur ing  t h e  launch phase,  t h e  
crew uses  t h e  FDA1 and DSKY d i sp lays  wi th  two onboard crew c h a r t s .  
f i r s t  c h a r t  (crew c h a r t  1) presen t s  t h e  nominal launch p r o f i l e  a long 
wi th  t h e  abor t  t r a j e c t o r y  l i m i t s  and t h e  o r b i t a l  c a p a b i l i t y  reg ions .  
This  c h a r t  would be used by t h e  crew t o  h e l p  determine when an abor t  
would be requi red  f o r  t r a j e c t o r y  dev ia t ions  and t o  determine what a c t i o n  
( a b o r t  mode) would be r equ i r ed  i f  an abor t  should occur .  Normally, t h e  
ground con t ro l  w i l l  inform t h e  crew when t r a j e c t o r y  l i m i t s  are v i o l a t e d  
and w i l l  advise  t h e  crew on t h e  appropr i a t e  abor t  a c t i o n .  However, if 
voice  communications were l o s t  during launch,  t h e  crew would have t o  
depend on crew c h a r t  1 and on t h e  onboard d i s p l a y s  f o r  t h i s  information.  
The second char t  (crew c h a r t  2 )  l i s t s  t h e  planned t r a j e c t o r y  parameters 
for  t h e  nominal launch.  This  c h a r t  w i l l  be used by t h e  crew t o  monitor 
t h e  t r a j e c t o r y  parameters during launch ,  and t h e  d a t a  would provide t h e  
launch veh ic l e  s t e e r i n g  parameters i f  t h e  crew manually t a k e s  over after 
a launch vehic le  p la t form fa i lure  dur ing  t h e  S-I1 and t h e  S-IVB p o r t i o n s  
of t h e  launch. 

The 

The nominal launch p r o f i l e  and t h e  a s s o c i a t e d  a b o r t  t r a j e c t o r y  
l i m i t s  and c a p a b i l i t y  l i n e s  are shown as func t ions  of i n e r t i a l  v e l o c i t y  
and a l t i t u d e  rate i n  crew c h a r t  1. The c h a r t  has  a dua l  func t ion .  

( a )  To determine when an abor t  i s  necessary  f o r  t r a j e c t o r y  
dev ia t ions  

( b )  To determine what c a p a b i l i t y  e x i s t s  i f  t h e  launch v e h i c l e  
shu t s  down 

For t h e  f i r s t  func t ion ,  i f  t h e  a c t u a l  f l i g h t  t r a c e  v i o l a t e s  t h e  
s t r u c t u r a l  l i m i t ,  t h e  h e a t i n g  l i m i t  ( i n v a l i d  f o r  engine o u t ) ,  or t h e  
16g maximum en t ry  load  f a c t o r  l i m i t ,  t h e  crew would be r equ i r ed  t o  
i n i t i a t e  an abor t .  I f  t h e  t r a c e  approaches t h e  100-second f ree-fal l  
l i m i t ,  t h e  crew would i n i t i a t e  an abor t  when t.he DSKY d i s p l a y  of 
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f r e e - f a l l  t i m e  i s  100 seconds and decreasing.  Note t h a t  t h e  ground 
c o n t r o l  normally would inform t h e  crew both by voice  and by command of 
t h e  abor t  l i g h t  f o r  t r a j e c t o r y  v i o l a t i o n s  i f  voice  communications and 
command c a p a b i l i t y  e x i s t .  

For t h e  second func t ion  o f  the  f i r s t  cha r t  ( i . e .  , t o  determine what 
c a p a b i l i t y  e x i s t s  i f  t h e  launch vehic le  s h u t s  down), s e v e r a l  p o s s i b i l i t i e s  
e x i s t  based on t h e  boundaries crossed by t h e  f l i g h t  t r a c e .  

( a )  ESS t o  C O I  t i c k  - t h e  crew could manually upstage t o  t h e  S-IVB 
and could achieve t h e  mode I V  C O I  reg ion .  

( b )  ESS t o  o r b i t  t i c k  - t h e  crew could manually upstage t o  t h e  
S-IVB and achieve e a r t h  parking o r b i t .  

( c )  Mode I V ,  C O I  boundary - t h e  crew could use t h e  SPS manually t o  
achieve o r b i t  ( e i t h e r  a two-impulse, a s i n g l e  impulse,  or an apogee k ick  
maneuver ) . 

( a )  Mode II/mode I11 l i n e  or AR > -400 n. m i .  - i f  a s u b o r b i t a l  
abo r t  were r equ i r ed ,  t h e  crew would 
both t o  ob ta in  an A t l a n t i c  landing. 

GO/NO-GO l i n e  - no ac t ion  
f o r  an ove r speed) ; . a  s a f e  o r b i t  has 

t h e s e  c a p a b i l i t i e s  would be relayed 
communications e x i s t .  

( e )  

u se  l i f t  c o n t r o l  or an SPS burn or 

would be r equ i r ed  by t h e  crew (except  
been achieved; h > 75 n.  m i .  Again, 

from ground c o n t r o l  when voice  
P 

The second c h a r t  f o r  t h e  launch phase,  crew c h a r t  2 ,  l i s t s  t h e  SC 
IMU p i t c h  gimbal angle  , i n e r t i a l  ve loc i ty ,  a l t i t u d e  r a t e  , and a l t i t u d e  
as func t ions  of ground elapsed time f o r  t h e  nominal planned p r o f i l e .  
These parameters w i l l  be  compared t o  t h e  a c t u a l  f l i g h t  va lues  as an 
es t imate  of t h e  t r a j e c t o r y  s t a t u s  during t h e  launch. The primary func- 
t i o n  of t h i s  c h a r t  w i l l  be t o  provide crew s t e e r i n g  parameters i f  a 
manual takeover  should OCCUT ( s t i c k  s t e e r i n g )  a f t e r  launch v e h i c l e  I U  
p la t form f a i l u r e .  The S C  computer w i l l  provide s t e e r i n g  commands f o r  
t h e  f i r s t  s t a g e  (S-IC) po r t ion  o f t h e  f l i g h t  and t h e  crew w i l l  manually 
provide s t e e r i n g  commands f o r  t h e  second and t h i r d  s t a g e  (S-I1 and S-IVB) 
p o r t i o n s  of t h e  launch. The crew w i l l  use  t h e  parameters i n  crew cha r t  2 
i n  conjunct ion wi th  t h e  FDA1 and DSKY d i sp lays .  Af t e r  comparison of t h e  
i n e r t i a l  v e l o c i t y  on t h e  DSKY w i t h  t h e  i n e r t i a l  v e l o c i t y  on t h e  c h a r t ,  
t h e  crew w i l l  command t h e  appropr ia te  p i t c h  gimbal angle  t o  achieve t h e  
des i r ed  a l t i t u d e  r a t e  and a l t i t u d e  p r o f i l e  and w i l l  c o n t i n u a l l y  check 
t h e  r e s u l t s  with the  c h a r t  u n t i l  o r b i t a l  i n s e r t i o n  i s  achieved. Note 
t h a t  t h i s  procedure and t h e s e  parameters assume a normally func t ioning  
launch veh ic l e  except f o r  t h e  platform failure. 
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5.0  TRANSLUNAR INJECTION CREW CHARTS 

. 5 . 1  Translunar  I n j e c t i o n  Monitoring 

Next t o  in su r ing  crew s a f e t y ,  t h e  primary o b j e c t i v e  a f t e r  a problem 
develops during T L I ,  as w e l l  as during a l l  o t h e r  mission phases ,  i s  t o  
perform an a l t e r n a t e  mission.  Therefore ,  t h e  e x t e n t  of a l lowable dev ia t ed  
f l i g h t  condi t ions  must be determined i n  advance t o  i n s u r e  t h a t  t h e  d e s i r e d  
a l t e r n a t e  mission c a p a b i l i t y  w i l l  e x i s t .  Also,  due cons ide ra t ion  must be  
given t o  t h e  provis ion  of reasonable  i n i t i a l  cond i t ions  f o r  performance 
of an abor t  maneuver. These t h i n g s  have been done by t h e  development of 
a crew monitoring procedure which inc ludes  appropr i a t e  S-IVB shutdown 
l i m i t s .  

The crew must be a b l e  t o  monitor and eva lua te  T L I  without  ground 
support  because t h e  maneuver can occur o f f  t h e  MSFN t r a c k i n g  range.  
A schematic of t h e  b a s i c  crew monitoring technique  ( f i g .  1) shows t h a t  
an abor t  can be performed f o r  S-IVB a t t i t u d e  r a t e  problems, f o r  a t t i t u d e  
dev ia t ion  problems, and f o r  SC system problems. Because S-IVB problems 
normally would r e s u l t  i n  an a l t e r n a t e  miss ion ,  only a c r i t i c a l  SC system 
problem i s  l i k e l y  t o  r e q u i r e  an  a b o r t .  

Seve ra l  s i g n i f i c a n t  i tems can be noted about t h e  T L I  monitor ing 
technique.  

1. The TLI  maneuver w i l l  be  i n h i b i t e d  i f  t h e  launch v e h i c l e  a t t i t u d e  
before  i g n i t i o n  i s  more than  10' from nominal as determined by horizon 
r e fe rence .  

2 .  The TLI maneuver w i l l  be  te rmina ted  by t h e  crew f o r  S-IVB 
i n i t i a t e d  r a t e s  of 10 deglsec .  

3. The T L I  maneuver w i l l  be te rmina ted  by t h e  crew wi th  t h e  abor t  
handle  f o r  a t t i t u d e  dev ia t ions  of 45' from t h e  nominal a t t i t u d e ,  which 
a r e  determined by onboard c h a r t s  of t h e  nominal p i t c h  and yaw gimbal 
angle  h i s t o r i e s .  

4. A backup t o  t h e  S-IVB guidance cu to f f  s i g n a l  w i l l  be performed 
by t h e  crew i f  t h e  S-IVB has not shut  down a t  t h e  end of t h e  p r e d i c t e d  
burn t ime plus  a 20 d i s p e r s i o n  of 6 .0  seconds and i f  t h e  nominal i n e r t i a l  
v e l o c i t y  displayed by t h e  SC computer has been achieved.  

The cha r t s  mentioned i n  i t e m  3 are shown i n  f i g u r e s  2 and 3. The 
double s c a l e  on t h e  p i t c h  c h a r t  ( f i g .  3 )  i n d i c a t e s  t h e  T L I  i g n i t i o n  
gimbal angle  f o r  a 72' launch azimuth. For any o the r  day or launch 
azimuth, t h e  c r e w  w i l l  renumber t h e  s c a l e  by changing t h e  ze ro  po in t  
t o  t h e  i g n i t i o n  p i t c h  gimbal angle  upl inked b y ' t h e  ground c o n t r o l  
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dur ing  EPO. A f t e r  an S-IVB shutdown by use  of t h e s e  c h a r t s ,  t h e  crew 
w i l l  r e c e i v e  a l t e r n a t e  mission midcourse requirements  from t h e  ground. 
The r a t i o n a l e  f o r  t h e  monitor ing procedures and f o r  t h e  de te rmina t ion  
of t h e  prev ious ly  d iscussed  l i m i t s  are documented i n  r e fe rences  2 ,  3, 
and 4. 

Although t h e  recommended procedure f o r  c u t t i n g  .off  t h e  S-IVB f o r  
a t t i t u d e  problems involves  use o f t h e  above c h a r t ,  t h e  same end could  be 

a 
accomplished by t h e  crew mental ly  computing d i f f e r e n c e s  between t h e  a c t u a l  
a t t i t u d e  (FDAI) and va lues  from a p r e f l i g h t  table of a t t i t u d e s  at d i s c r e t e  
times (see table  I ) .  

I f  a tumbled S-IVB i n e r t i a l  platform occurs  be fo re  or dur ing  T L I ,  
t h e  crew may assume manual con t ro l  of t h e  burn wi th  t h e  hand c o n t r o l l e r .  
I n  t h i s  ca se ,  t h e  IMU would be used t o  o b t a i n  r e fe rence  informat ion ,  and 
t h e  crew c h a r t s  could be used t o  obta in  a t t i t u d e  informat ion .  A ground 
r u l e  f o r  manual takeover  r e q u i r e s  i l l umina t ion  of t h e  guidance f a i l u r e  
l i g h t  i n d i c a t i n g  t h a t  t h e  S-IVB platform i s  tumbled. The 45' a t t i t u d e  
dev ia t ion  l i m i t s  a r e  r equ i r ed  f o r  p r o t e c t i o n  a g a i n s t  o t h e r  S-IVB 
malfunct ions .  

A comparison of t h e  nominal p i t c h  gimbal angle  wi th  p i t c h  gimbal 
ang le  v a r i a t i o n s  f o r  s e v e r a l  malfunctioning T L I  burns taken  from 
re fe rence  5 i s  provided i n  figure 4. 

5.2 TLI  Abort C r e w  Charts  

The 10-minute f i x e d  a t t i t u d e  abor t  i s  designed t o  enable  t h e  crew 
t o  r e t u r n  t o  e a r t h  as r a p i d l y  as poss ib l e ,  without  r ega rd  t o  landing  
l o c a t i o n ,  i f  a c a t a s t r o p h i c  SC subsystem problem should occur which could 
be i s o l a t e d  during t h e  T L I  burn.  It has  been recommended t h a t ,  i f  t h e  
s i t u a t i o n  pe rmi t s ,  t h e  crew should al low t h e  S-IVB t o  complete T L I ,  at 
which t i m e  t h e  ground could ass is t  i n  performance of a system malfunct ion 
a n a l y s i s .  A s  y e t ,  no s i n g l e  point  f a i l u r e s  are known which would r e q u i r e  
t h e  crew t o  shut  down t h e  S-IVB manually and t o  execute  t h i s  abor t  
maneuver immediately. 

The fol lowing t i m e  l i n e  has  been recommended f o r  t h e  10-minute f i x e d  
a t t i t u d e  a b o r t .  
Abort Summary f o r  Apollo 11 (Mission G )  t o  be prepared by t h e  C r e w  
S a f e t y  Sec t ion ,  C r e w  Sa fe ty  and Procedures Branch, F l i g h t  C r e w  Support 

The a c t u a l  t i m e  l i n e  w i l l  be  presented  i n  t h e  Apollo 

a Div i s ion .  
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T ime  from S-IVB c u t o f f ,  
min:sec,  g . e . t .  

00: 00 

00:03  

00 : 1 3  

01 : 00 

01 : 08 

04 : 00 

05': 00 

09 : 30 

10 : 00 

Event 

S-IVB burn t i m e  i s  recorded;  THC i s  tu rned  
counterclockwise t o  i n i t i a t e  S-IVB shut-  
down; i n e r t i a l  v e l o c i t y  ( V . )  i s  recorded 

from t h e  DSKY; t h e  , four  +X RCS j e t s  are 
turned  on 

1 

CSM/S-IVB sepa ra t ion  occurs  

The four  +X RCS j e t s  are tu rned  o f f ;  t h e  
crew begins  t o  p i t c h  up (+$ down) t o  -r 

(down t h e  r a d i u s  v e c t o r ) ,  wi th  t h e  e a r t h  
used as t h e  v i s u a l  r e fe rence  t o  determine 
-r 

The four  -X RCS j e t s  a r e  tu rned  on t o  i n i t i a t e  
an evas ive  maneuver t o  provide c learance  
between t h e  CSM and S-IVB f o r  t h e  abor t  
maneuver 

The four  -X RCS j e t s  are turned  o f f ;  t h e  crew 
begins  maneuvers t o  t h e  abor t  maneuver 
t h r u s t i n g  a t t i t u d e  ( f i g .  5 )  a f t e r  having 
dr iven  t o  t h e  fo l lowing  IMU gimbal angles :  

OGA = 180' 
MGA = O . O o  
I G A  = ground computed i n  EPO 

The crew s e l e c t s  t h e  abor t  AV from a c h a r t  
of AV ve r sus  V 

and e n t e r s  t h i s  va lue  i n  t h e  AV counter ;  t h e  
crew begins  p repa ra t ions  f o r  an SCS auto- 
m a t  i c maneuver 

and S-IVB tg (crew c h a r t  3 )  i 

The COAS e l e v a t i o n  ang le  i s  reset  t o  O o ;  t h e  
CDR a d j u s t s  h i s  p o s i t i o n  on t h e  couch t o  
view t h e  hor izon  through t h e  COAS r e t i c l e  
image 

The s p a c e c r a f t  i s  a l i n e d  t o  t h e  r equ i r ed  hor izon  
re ferenced  a t t i t u d e  ( f i g .  5 )  

The SPS i s  i g n i t e d  and t h e  burn i s  con t ro l l ed  
by SCS automatic  
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The crew w i l l  have a second c h a r t ,  crew c h a r t  4 ,  t o  enable  them 
t o  determine i f  s u f f i c i e n t  t ime remains a f te r  t h e  abort t o  perform a 
MCC p r i o r  t o  e n t r y .  
S-IVB EMS AV have been provided as independent backup parameters .  . 

Typica l  TLI  burn groundtracks and landing  po in t  l o c i  are shown i n  
f i g u r e  4. 

I n  both crew c h a r t s  3 and 4 ,  S-IVB burn t i m e  and 

If an abor t  i s  r equ i r ed  during t h e  f i r s t  mlnute of  t h e  T L I  burn ,  t h e  
crew w i l l  key V8ZE on t h e  DSKY t o  d i s p l a y  h h a’ p y  and t f f ,  and w i l l  

burn t o  an h = 19 n .  m i .  The abor t  AV which r e s u l t s  i n  h = 19 n. m i .  
P P 

dur ing  t h e  f i r s t  minute o f  t h e  T L I  burn i s  r e f l e c t e d  i n  crew c h a r t  3. 
A f t e r  1 minute ‘of t h e  T L I  burn,  t h e  abor t  i s  t a r g e t e d  t o  t h e  contingency 
e n t r y  t a r g e t  l i n e  and t h e  crew w i l l  r ead  t h e  AV t o  be burned from 
crew c h a r t  3.  By t a r g e t i n g  t h e  maneuver t o  t h e  contingency e n t r y  t a r g e t  
l i n e ,  which i s  t h e  same entry t a r g e t  l i n e  t h a t  i s  s t o r e d  i n  t h e  CMC, 
subsequent midcourse co r rec t ions  w i l l  be  t a r g e t e d  t o  t h e  same e n t r y  
t a r g e t  l i n e  used t o  determine t h e  abor t  AV, making t h e  abor t  maneuver 
as i n s e n s i t i v e  as p o s s i b l e  t o  execution e r r o r s .  

Previous s t u d i e s  have shown t h a t  t h i s  maneuver i s  r e l a t i v e l y  
i n s e n s i t i v e  t o  execut ion e r r o r s  i n  abor t  AV and i g n i t i o n  t i m e .  
th-is abor t  maneuver i s  very s e n s i t i v e  t o  a t t i t u d e  e r r o r s  f o r  a b o r t s  
performed a f t e r  approximately 200 seconds i n t o  t h e  TLI burn.  Neverthe- 
l ess ,  s u f f i c i e n t  t i m e  p r i o r  t o  en t ry  remains af ter  t h i s  t i m e  t o  perform 
a midcourse co r rec t ion .  

However, 

6.0 LUNAR ORBIT INSERTION ABORT CREW CHARTS 

During t h e  LO1 burn ,  f a i l u r e  of t h e  SPS engine would r e q u i r e  LM 
a c t i v a t i o n  followed by one o r  more docked DPS burns t o  i n j e c t  t h e  SC 
on t h e  t r a n s e a r t h  c o a s t .  A complete d e s c r i p t i o n  of t h e  LM abor t  modes 
i s  presented  i n  r e fe rence  1. Monitoring of SPS systems dur ing  t h e  burn ,  
however, would permit  te rmina t ion  of  t h e  LO1 burn be fo re  an  SPS burn 
c a p a b i l i t y  i s  l o s t .  

Because s p e c i f i c  SPS problems dur ing  t h e  burn can be  i d e n t i f i e d  and 
t h e  LO1 burn te rmina ted ,  t h e  SPS engine may be a v a i l a b l e  f o r  an  abor t  
maneuver a f te r  manual shutdown. I n  gene ra l ,  however, t h e  SPS problems 
considered i n  t h e  Apollo 11 (Mission G )  mission ru les  are a s s o c i a t e d  
wi th  decaying p rope l l an t  t ank  pressure .  For t h i s  reason ,  an  immediate 
SPS abor t  c a p a b i l i t y  would be d e s i r a b l e  because t h e  p re s su re  decay 
might preclude SPS res ta r t s  i f  an extended coas t  pe r iod  occurred p r i o r  
t o  a b o r t .  Although t h e  DPS has  t h e  c a p a b i l i t y  t o  r e t u r n  t h e  SC t o  
e a r t h  f o r  any e a r l y  LO1 shutdown f o r  a J u l y  16 ,  1969 l u n a r  miss ion ,  LM 
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a c t i v a t i o n  and poss ib ly  two DPS burns are r equ i r ed .  
c h a r t  i s  included he re  because t h e  r e l a t i v e l y  simple procedure could 
reduce t h e  crew a c t i v i t y  r equ i r ed  i f  SPS problems of  t h e  t y p e  p rev ious ly  
mentioned became ev iden t .  

The 15-minute crew 

Current LO1 abo r t  ana lyses  i n d i c a t e  t h a t  a complete DPS backup does 
not  necessa r i ly  e x i s t  when a hybr id  t r a n s l u n a r  t r a j e c t o r y  i s  flown. 
For a s m a l l  region of LO1 burn t i m e  ( 0  - 55 s e c s ,  du ra t ion  depending 
on launch day) a d d i t i o n a l  abor t  procedures a r e , r e q u i r e d .  However, t h e  
15-minute crew c h a r t  i s  s t i l l  a v a i l a b l e  f o r  t h e s e  launch days,  a l though 
manual SPS shutdown i s  not  recommended i n  t h e  small r eg ion  where t h e  
normal DPS abor t  procedures are not  s u f f i c i e n t .  

Bas i ca l ly ,  t h e  procedure f o r  use of t h e  15-minute crew cha r t  i s  as 
fol lows . 

1. After manual SPS shutdown, t h e  crew maneuvers t h e  CSM/LM 
combination t o  a set  of gimbal angles  r e l a t i v e  t o  t h e  CM IMU o r i e n t a t i o n .  
These gimbal angles  a r e  contained on t h e  c h a r t  and are t h e  same regard- 
less  of LO1 burn du ra t ion .  

2.  The abor t  AV magnitude i s  read  from t h e  c h a r t  (crew c h a r t  5 )  
and i s  a func t ion  of t h e  DVM read from t h e  DSKY af te r  shutdown. The 
burn t i m e  can b e  used as a backup. 

3. An SPS/SCS burn i s  i n i t i a t e d  a t  L0I-lIG p lus  15  minutes.  

Therefore ,  a cons tan t  t i m e  of i g n i t i o n  r e s u l t s .  

4. I f  the  SPS cannot be r e s t a r t e d ,  t h e  normal DPS abor t  procedure 
i s  followed. 

It i s  recommended t h a t  t h e  15-minute abor t  be used f o r  LO1 shutdowns 

al though t h e  c h a r t  w i l l  be extended u n t i l  hmOOS when t h e  m s  p r i o r  t h e  3 00 
abor t  AV i s  approximately 500 f p s  less  than  t h e  a v a i l a b l e  SPS AV ( a  

nominal SPS performance i s  assumed). A t  3m00S i n t o  t h e  LO1 burn ,  a 
s t a b l e  luna r  e l l i p s e  wi th  a per iod  of 1 5  hours has  been achieved. The 
preabor t  per iods i n  t h i s  reg ion  of t h e  LO1 burn are shown on t h e  crew 
c h a r t .  For t h e  remainder of t h e  LO1 burn,  a mode I11 DPS abor t  can be  
i n i t i a t e d  a f t e r  one r e v o l u t i o n ,  and immediate LM a c t i v a t i o n  i s  not  

r equ i r ed .  
L O I ,  t h e  t o t a l  SPS burn t i m e  (LO1 p lus  a b o r t )  i s  approximately 20 seconds 
longer  than  i f  t h e  LO1 burn had been continued t o  nominal shutdown. 

A s  a po in t  of i n t e r e s t ,  i f  t h e  c h a r t  i s  used a t  3m00S i n t o  

Bas i ca l ly ,  t h e  15-minute crew c h a r t  p rovides  t h e  crew t h e  c a p a b i l i t y  
t o  t a r g e t  an SPS burn onboard t o  r e t u r n  t o  t h e  f r e e - r e t u r n  t r a j e c t o r y  
a f te r  manual SPS shutdown. 
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TABLE I.- APOLLO 11 (MISSION G )  NOMINAL T L I ,  

FIRST I N J E C T I O N  OPPORTUNITY JULY 16 , 1969 

[72.063 launch azimuth] 

Time , 
min: s ec  

0:oo 

0:30  

1:oo 

1: 30 

2:oo 

2: 30 

3: 00 

3: 30 

4: 00 

4:30 

5:OO 

5: 30 

5:48.33 

11 

~ 

I n e r t i a l  
p i t c h ,  

de63 

70.6 

65 .o 

63.6 

62.5 

61.5 

60.6 

59 66 

58.5 

57.4 

55.9 

53.8 

49.8 

50 .o 

I n e r t i a l  
Yaw, 
deg 

0.1 

0.1 

1.3 

2.1 

3.0 

3.9 

4.7 

5.5 

6.4 

7.2 

8.0 

9.1 

9 . 0  

I n e r t i a l  
v e l o c i t y ,  

fPS 

25 554 

26 100 

26 700 

27 380 

28 100 

28 880 

29 700 

30 600 

31 600 

32 600 

33 650 

34 800 

35 563 

-- 
A l t i t u d e  

ra te  , 
fPS 

9 

-4 

19 

90 

210 

425 

725 

1100 

1580 

2200 

2910 

3750 

4285 

A l t i t u d e  
above pad, 

n .  m i .  

107.1 

107 .I. 

107.0 

107.3 

108.0 

109 * 5 

112.0 

116.9 

124.0 

133.0 

145.4 

162.0 

174.3 
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TIME OF CUTOFF 

BURN 
ATTITUDE CHECK 
(HORIZON/STARS) 

IGNITION 

GO 

RATES 

BACKUPCUTOFF 

- , r - -  
I DSKY 

CHECK 
I 
I 

-- - - T - - 

SYSTEMS 
GO/NO-GO 

Figure 1 .- Basic crew maneuver monitoring technique. 
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Init ial  earth-fixed 
attitude a I i g n men t 

a 

a 

t o  

Crew referenced: crew heads-up 

Crew aligns earth horizon 
on +1 degree vertical 
reticle mark. 

Earth horizon 

Figure 5.- Definition of.attitude for fixed-attitude aborts from TLI. 
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